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processes that enable survival of extreme water loss. However, to
date there has been little published on the roles of lipids in
desiccation tolerance. Lipids are a key component of membranes
and maintenance of membrane integrity during abiotic stresses, such
as water deﬁcit, is likely to play an important role in survival. It has
been shown that during the freeze-associated desiccation events, the
nature and changes in lipid composition enable appropriate mem-
brane re-arrangements, facilitating survival of this stress. In the
current study LC-MS/MS in the MRM mode is being used to proﬁle
and quantify levels of membrane lipids in roots and leaves of the
resurrection plant Xerophyta humilis during dehydration and rehy-
dration cycles. For comparison purposes, lipid proﬁles and changes in
the desiccation sensitive model organism, Arabidopsis thaliana is
being followed. Preliminary results obtained thus far indicate
considerable differences in lipid composition between Xerophyta
humilis and A. thaliana tissues. During dehydration of vegetative
tissues of the resurrection plant, changes in four distinct classes of
glycerophospholipids have been noted. The nature of these changes,
and potential implication thereof, will be discussed.
doi:10.1016/j.sajb.2013.02.096
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Premature legume root nodule senescence is a challenge for
agricultural production around the world. Soybean (Glycine max L.)
forms a symbiotic relationship with Bradyrhizobium japonicum which
leads to the formation of nitrogen ﬁxating root nodules. These
nodules have the ability to ﬁx nitrogen from the atmosphere into an
accessible form for plants. Root nodules have a very short life span
of only 10–12 weeks where after nitrogenase activity decreases
as measured by acetylene reduction. Root nodules’ lifespan is
also affected by stressful environments like drought. Protein
remobilization during senescence leads to an increase in cysteine
proteases. A DCG-04 tag which contains the E-64, a cysteine protease
inhibitor, which binds irreversibly to cysteine proteases, was used to
detect the presence of cysteine proteases in nodules. This showed
that cysteine proteases increased during the development of root
nodules between 16 and 18 weeks of age. A high abundance of
cysteine proteases were also seen with 4 weeks old nodules
compared to 6–12 week old nodules. Enzyme kinematic assays,
using ﬂuorogenic substrates to measure papain and legumain-like
protease activity, correlated with the cysteine protease proﬁle
established with the DCG-04 tagging system. However, a semi-QPCR
indicated that not all members of the cysteine protease gene family
are expressed. It showed that papain-like cysteine proteases
decreased in expression during development as well as after 10 days
drought. Enzyme kinematic assays also indicated that there is a
decrease in papain and legumain-like proteases after drought stress
which is in contrast to the proteases expression during development
in the root nodules.
doi:10.1016/j.sajb.2013.02.097
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agronomic performances of the traditional cereal crop, Tef
H.M. Ghebrehiwot, M.G. Kulkarni, M.W. Bairu, J. Van Staden
Research Centre for Plant Growth and Development, School of Life
Sciences, University of KwaZulu-Natal Pietermaritzburg, Private Bag
X01, Scottsville 3209, South Africa
The positive role of plant-derived smoke and smoke-isolated
karrikinolide1 (KAR1) on seed germination and post-germination
processes is well documented. The present study examined if plant-
derived smoke with various methods of application inﬂuence the
agronomic performance of a traditional cereal crop, tef [Eragrostis tef
(zucc.) Trotter]. Comparisons were made in potted tef plants which
germinated from seeds treated with smoke-water (SW, 1:500
dilution), KAR1 (10-8 M) solutions and seeds pre-treated with cool
aerosol-smoke for 10 min (rinsed and unrinsed afterwards). During
and after the growing season (N 100 days), several growth and
agronomic parameters were measured, and photosynthetic pigments
were quantiﬁed using spectrophotometric methods. The smoke-
related treatments modiﬁed a number of physiological, morpholog-
ical and agronomic features of Eragrostis tef. In response to the
smoke-related treatments, signiﬁcant differences were observed in
synthesis and/accumulation of chlorophyll a and b. Compared to the
control, KAR1 and aerosol-smoke treatment of the seeds signiﬁcantly
improved plant height. All the smoke-related treatments signiﬁcant-
ly promoted stem-thickness. Aerosol-smoke and SW treatment of
the tef seeds resulted in a signiﬁcant increase in number of tillers
and increased grain and dry biomass yield per plant. These ﬁndings
indicate that plant-derived smoke has great potential to improve
grain and dry biomass yield of tef. Moreover, due to its role in
improving stem thickness, smoke treatment may assist in ﬁghting
loading problems in cereals such as rice, wheat and barley.
doi:10.1016/j.sajb.2013.02.098
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Recent evidence suggests that exogenously applied caffeic acid is
involved in decreasing hydrogen peroxide content in soybean.
However, there is also evidence suggesting that hydrogen peroxide
accumulation occurs in response to exogenously applied caffeic acid.
Furthermore, it has been suggested that hydrogen peroxide content
can be regulated by nitric oxide biosynthesis in plants. We thus
investigated the effect of caffeic acid and salt stress on soybean
growth and root nodule nitric oxide content. Furthermore, we
examined the effect of caffeic acid and salt stress on soybean nodule
hydrogen peroxide content, lipid peroxidation and the activity of two
enzymes involved in the antioxidant system for hydrogen peroxide
scavenging in the ascorbate-glutathione cycle (ascorbate peroxidase
and glutathione reductase). Caffeic acid and salt stress altered the
hydrogen peroxide and nitric oxide content, malondialdehyde levels,
ascorbate peroxidase and glutathione reductase activities in root
nodules. The negative effects of salt stress on soybean growth and
biochemical activities were reversed by exogenously applied caffeic
acid. We therefore propose that exogenously applied caffeic acid
alleviates the detrimental effects of salt stress in soybean via a
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pathway that involves nitric oxide to enhance antioxidant enzyme
activities that reduce salt-induced oxidative stress.
doi:10.1016/j.sajb.2013.02.099
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Autophagy is a self-digestion process that degrades damaged or
unwanted intracellular structures. Plants use autophagy as a mecha-
nism necessary for normal development, e.g. during organ morpho-
genesis, seed development, removal of long-lived proteins, and also
essential for stress responses. Despite the great progress achieved
recently in the elucidation of autophagy mechanisms in yeasts and
mammalian cells, our understanding of this process in planta is still
limited. In particular, little information is available about the stages of
autophagosome formation in plants and also the involvement of
speciﬁc ATG proteins in this process. In our work, oxidative stress in
roots of Triticum aestvum L. caused by prooxidants paraquat and
salicylic acid resulted in the extensive formation of autophagosomes,
similar to those caused by lithium, an inducer of autophagy in
mammalian cells. All stages in the formation and turnover of
autophagosomes were observed, starting with vesicle nucleation and
phagophore expansion, formation of a mature autophagosome and
its further fusion with central vacuole followed by digestion of
autophagic material. The oxidative stress-induced formation of
autophagosomes was accompanied by up-regulation of the expres-
sion of TaATG4 and TaATG8 genes, suggesting their involvement in the
regulation of autophagy. The ubiquitin-like autophagic protein ATG8
plays key roles in the biogenesis of autophagosomes. Among the
diverse post-translational modiﬁcations regulating ATG8 function are
the processing of ATG8 precursors and the deconjugation of the ATG8-
phosphatidylethanolamine (PE) complex carried by cysteine protease
ATG4. We cloned and sequenced cDNA fragments of TaATG4 and
TaATG8 and found them to correspond to the authentic sequences.
Results suggested that the C-terminus of TaATG8 undergoes post-
translational cleavage by TaATG4, which exposes the Gly117 residue.
In conclusion, the strictly regulated removal of oxidized structures via
autophagy can be considered as a key component of the complex
antioxidative defence mechanisms employed by plants.
doi:10.1016/j.sajb.2013.02.100
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Global change factors are impacting on fynbos ecosystems.
Unfortunately we have few long-term records of fynbos plant
community composition, limiting our understanding of natural
temporal vegetation dynamics and constraining our ability to detect
and predict change such as that caused by climate or rising CO2. Here I
report some preliminary results and future directions from a 20 year
record of vegetation change (1992/3 - 2011/12) across survey plots in
the Baviaanskloof Mega-Reserve. The Baviaanskloof Mega-Reserve is
in a unique position encompassing boundaries between at least four of
South Africa's biomes. This means that it may be particularly
vulnerable to small perturbations which could alter system drivers
and cause state shifts between biomes. For example, climate models
predict increased mean annual rainfall for the region, which could
cause Fynbos to transition to non-ﬂammable Forest. Similarly,
increased rainfall could allow Nama Karoo to accumulate enough
biomass to burn, potentially transitioning to Fynbos or Grassland.
Developing long-term records of vegetation dynamics and under-
standing temporal variation in community structure is essential for
predicting how global change will impact the system. We are
sampling similar long-term vegetation plots along a climatic gradient
from Baviaanskloof to Cape Point and the Cederberg. The hope is that
understanding variation in plant responses across spatial and climatic
gradientswill improve our ability to predict how compositionwithin a
site (both in terms of species and their traits) should change as climate
changes through time.
doi:10.1016/j.sajb.2013.02.101
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The legumes (Fabaceae), Genista monspessulana (French brooms)
and Spartium junceum (Spanish broom) are major invaders in several
parts of the world but not yet in South Africa. Despite having been
introduced to South Africa more than a century ago, the distribution
of both these species is still fairly limited. We report thee current
distributions in South Africa and explored possible limiting factors by
examining the spatial distribution of invasions, population structure,
breeding system, pollination, seed ecology, climatic suitability and
mutualisms with nitrogen ﬁxing bacteria. Genista monspessulana
occurs at seven localities, covering 22.7 hectare (with an estimated
condensed area of 0.17 ha). Spartium junceum is much more
widespread, occurring in 33 quarter-degree cells (3.59 ha condensed
area). All populations are in disturbed areas, mostly along roadsides.
Despite their specialised ﬂowers both G. monspessulana and S.
junceum still manages to attract - and are not limited by - pollinators.
The large number of seeds produced accumulates in persistent soil-
stored seed banks. With large parts of South Africa climatically
suitable and with neither species severely limited by the lack of
rhizobial mutualists they have the potential to signiﬁcantly expand
the current distribution. With high levels of resprouting and large
soil stored seed-banks, control is problematic. For G. monspessulana
with a highly localized distribution, and the possibility to hand-pull
most individuals, eradication from South Africa is still feasible. For S.
junceum management is currently focusing on containment.
doi:10.1016/j.sajb.2013.02.102
Effect of land-cover change on the vegetation types and ecosystem
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